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and U.S. patent application Serial No. 09/520,427 filed March
8, 2000 of Gregory K. Torigian et al. entitled “Connector
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Attachment”, the entire disclosures of both of which are
specifically incorporated herein by reference as though fully
set forth.

This application is also a continuation-in-part of U.S.
patent application Serial No. 09/929,434 filed Aug. 13, 2001,
the entire disclosure of which is specifically incorporated

herein by reference as though fully set forth.
FIELD OF THE INVENTION

The present invention relates to electronic parts and
assemblies that utilize surface mount technology (SMT), and
more particularly, to the surface mounting of printed circuit

boarxds.
BACKGROUND OF THE INVENTION

Difficulties in surface mount soldering of devices to circuit
boards are well known. Some of the key factors that determine
the nature and extent of these difficulties are the flatness
of the circuit board, the co-planarity of the leads on the

device, and the amount of solder required.
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device’ and the anount_of solder required. I | I I I L I 1LE 1L 1 1 1 1 1 |
L1t rrrrrrrrrrr *159159* 1 a 2 \Wien sol der paste is
applied to a circuit board there needs to be physical contact between the
paste and the | eads on the device to be soldered in order to permt a
proper solder joint to be forned after gsolder re-flow caused by heating.
However, this inposes tight tol erances on the flatness of the <circuit

board and C I r|t of, t n_the de | ntly t Ieads
must be w Ei%n %ﬁgrd%%a ey ]Tsouspplt%%%tsjstamﬁ’t %lr 5t mc%i etf%ere an T ty.
The t hi cknéss bef phiyesiasdl dmnqmsh: daterds ttdieheacdart reald etdieexlterzetlﬁelcyn the
accurately ally ]Qﬂg f n housandt hs of
an inch. Sfir?gél%léh tc%lﬁé;tsl'ndelgisé %élgr?\f}éﬁﬁ%%&p%m %u%t ‘i{bﬂiaﬁ drt can vary as

much as t edoihéusandichs wmeth aiter poldercire - oW seasaslRy doieetd ons are
usual |y onkyeRds O\t@flssri%ﬁoséii %tl@'?ﬁ:e%ol%aqgesb@d Tave pasdksdised die

al l ow SMI devices to be. manufactured th wider tol erance ranges as to
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w der tol eaamie% WiHtre SeegAnd the fﬂe&@Eemsth%n wrirtenaprﬁﬁpﬁfbmﬁnatﬁémeﬁo@

devi ce or circuit . boar sal d | 1's Rnrovide nor er_joint than
can typi cal Eéméi& efd AR < %a l%é’ caﬁlheed% % %ﬁ’ F‘%R)e
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mterconneg ﬁ%ns u;aSLonstglo er to?eb& r?él r%(algéul(?a?ltdr %@({{1 ahndtlrlloeen
successful by dnphoy&d nde fhso"ddatbgsisl ofecoaveas iogal srigecuds boards

appr oxi mat ghy, 9Beyand aicehald daChebusandths Ar GenveRl gl JHeh device 2
(Figs. 1A and 1B) "has sol der b
surface mount connectlons are usually only made over short

distances.

Solder balls have been used to allow SMT devices to be
manufactured with wider tolerance ranges as to co-planarity
of their leads and to permit the use of circuit boards with
wider tolerances with regard to flatness. When pre-applied to
either a device or a circuit board, solder balls provide more
solder per joint than can typically be supplied with solder
paste. So-called ball grid array (BGA) devices have been
developed'that utilize rows and columns of discrete solder
balls to make the required electro-mechanical
interconnections upon solder re-flow. The result is that SMT
has been successfully employed with solder balls over areas
as large as approximately one and one-half inches square. A
conventional BGA device 2 (Figs. 1A and 1B) has solder balls
4 arranged in a grid pattern of rows and columns. Another
conventional device 6 (Figs. 2A, 2B and 2C) has a grid of
balled pins 8. Typically conventional devices that utilize
solder balls for attachment only have solder balls or balled
pins located on one side and they have no other attachments
because it is difficult to add balls or balled pins to a
device that already has other components. When balls are
added to pins by solder re-flow there must be some method of
limiting the flow of solder or else the solder ball will



4’arranged in a grid pattern of rows and col umms. Another conventi onal
device 6 (Figs. 2A, 2B and 2C) has a grid of balled pins 8. Typically
conventional devices that utilize solder balls for attachnent only have
solder balls or balled pins |ocated on one side and they have no ot her
attachments because it is difficult to add balls or balled pins to a

devi ce that already has other conponents When baIIs are added to pins by
sol der re-flow th hod of . limti the fl aw of_.sal.der or
o se the. sSPASE A LM |onhl TERNRS B, aifrerbs ke e by
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power supplies, for exanple it is desirable to surface nount two parall el
boards that overlap over subst anti al, area, two by four inches. It
woul d aIsoTB§redé§|Paﬁq?ﬁﬁ939ﬁq¥uﬂ?Qthﬂ QHﬁ)q%%QQQQQlQﬁx%QﬁyﬁQ¥XMﬁQﬁlone
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two boards rfa unt technol t oar.ds [ supply
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sol der is dgsdrﬁbrlEb@tOh seorfieast sowitndeat @@)radérerlvéoardm time whidieo rorieow
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connection to the upper oar I ower oar reflo ring

t he sol der thef bearrdenﬁér aoyrlel %%WWS%@@&@ SPoBERE. SMsted@aide t he
tol erance probferd tlaldi®s®iit boards with pins as well as solder balls

but heretofore this has not been practical.

USP 6,189,203 describes the use of solder balls to
interconnect two boards using surface mount technology on
both boards in a power supply application. A problem with
this scheme is that the same melting point solder is used for
both contacts, since they derive from the common low melting
point solder coating on the ball. This means that both the
solder connection to the upper board and that to the lower
board reflow during the solder reflow temperature, which may
cause problems. Moreover, the tolerance in board flatness
remains low, which normally cannot exceed the thickness of

the thin solder coating on the round ball.

USP 6,137,164 describes the use of solder balls to
interconnect a lower board using;garface mount technology to
a rigid interposer board, to the latter of which may be
mounted additional components. This scheme suffers from the
same disadvantages as described in connection with the
earlier mentioned patent, with the additional disadvantage
that an additional board is needed for the interconnect

system.



remai ns | ow, which normall y cannot exceed the thickness of the thin solder
coating on the round ball. USP 6,137,164 describes the use of solder balls
to interconnect a 1ower board using surface nount technology to a rigid

i nterposer board, to the latter of which may be nounted additional
conponents. This schene suffers fromthe 4sanme di sadvant ages as descri bed
in connection with the wearlier nentioned patent, with the additional

di sadvant a i '9?9! b . 4 e ' r t
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presence of, a pin_connector “on the |ower board for receiving a pin array
on the carrfifemessing Pilo THIMERTHF The hovRFeIRRARI. O BUMNIBRY @mggELor

| NVENTI ON Ah altieeClowr thisa il 65N trd FBABAAP N 11518 48t B i el ohsSi ditBier
construction for enabling an upper board to be surface nounted to a |ower
board and ré\lts% 'iﬂfmﬁg%%st? h@“%d]\i%i'fﬁ%gtépa *increasing the permssible
spread in board warpage and/or inproved current-carrying ability. In

accordance s"éh- %ﬁ aee Fﬂ)‘.@ on a surface nount contact is provided
for attachmen ég}‘gopgi rcuir%mt)oar .ﬁThe contact includes an el ongate

el ectrically conductive pin defining a shaft having a | ongitudinal axis
and having ;3 oHSRREY NG iaNd, A &A{\fr-rﬁ%t- Pl TOrEd eal) f &sdfdpmabl e
bondi ng rrenberOHiﬁs attached Ebo tie, olwer enid% oflthe pin. An yirnslulpgnt,%r
surrounds O SSHAAL G tHRE HTRR NG MeYiURRE T ROAAThA iU Ihade ends and
adj acent t heupited aidTed ealr rardd euwrblthhondiq gritbeles iR RIBAEINage

i nvention als rovides a . circuit, baoard assenb]y,
of %n%reaé%ng the permissible spread)&n board warpage and/or

improved current-carrying ability.

In accordance with the present invention a surface mount
contact is provided for attachment to a circuit board. The
contact includes an elongate electrically conductive pin
defining a shaft having a longitudinal axis and having an
upper end and a lower end. A pre-formed heat re-flowable
bonding member is attached to the lower end of the pin. An
insulator surrounds the shaft of the pin intermediate the
upper and lower ends and adjacent the pre-formed heat re-

flowable bonding member.

The present invention also provides a circuit board assembly
including an upper circuit board and a lower circuit board
which are mechanically and electrically interconnected in
spaced apart, parallel relationship by a plurality of
electrically conductive pins. Each 515 has a shaft with upper
and lower ends. The upper ends of the pins are attached to
the upper circuit board and the pins are arranged in a
predetermined pattern. A plurality of separate discrete
insulators each surround the shaft of a corresponding pin.
The lower circuit board has a plurality of conductive pads
arranged in the same predetermined pattern as the pins. A

plurality of conductive joints are each formed by re-flow of



i ncl uding an upper circuit board and a lower circuit board which are
mechanically and electrically interconnected in spaced apart, parallel
relationship by a pfurality of electrically conductive pins. Each pin has
a shaft with upper and |ower ends. The upper ends of the pins are attached
to the upper circuit board and the pins gre arranged in a predeterm ned
pattern. A plurality of separate discrete insulators each surround the

haft of t b dh it f
conduct | ve SaustoRrrangeat! her ALOTana pPetistibnnBReRe, Pariabetke pins. A
plurality oitt@mmﬂdttoethelhowearenéachffoonedspyndénglpimef Bachr e- f or ned
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correspondi ng pi ns conductive Jofnt bon
correspondl%gF?ﬁ%ﬁ%m@ndénﬁo?@@éﬁ@haVﬂgpéénéD@tfvéméaanaﬁéeﬁérﬁs an el ectro-

mechani cal gamneeltON EHBRELBELYWRERneELBLEeRe understood that the terns
"upper"” and "lower" are not neant to be limting, but are nerely used as a

convenient way of identifying opposite ends of the pin or one of two
boards. Revet sallDfbé h@n@éﬁsm@uadthgsuthei Bethe r@pﬁémbha » m@ﬂékﬂgaﬁ@rrber

bei ng nounte qhat t e n g a§ exan? g and.reversal of
boards wi t FShd"§ihs F } 1EHG nBY o?F%nT% FoH ﬂﬁﬁ@daﬁeguF?nvﬁn?ﬁEt
upper pin enq'mﬁrgﬂembuﬁYedgtoppbeltemendboafdthaspanfurtbne eganpbe. A

f d |
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| oner gene pl anar CI fcul oar in a ér m ned space
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pin has a shaffplev tathalpp@xrfeﬁggllQweﬁhsngéara@ewyeﬂeéhsmg§n9f ﬁhehews are
attached tolgé?ted t hrough holes in ger circuit board eBlurallty

of first sAE I} rﬂ%#eﬁﬁéﬁkﬁ%sw%%%@nﬁe$¥ %11¥h%h%ﬁﬁ@?%¥dﬁlﬁfeﬁﬂ fapper
circuit boaighrited f egled eXovd€dooard, as a further example.

A preferred embodiment of our circuit board assembly includes
upper and lower generally planar circuit boards held in a
predetermined spaced apart relationship by a plurality of
discrete electrically conductive pins. Each pin has a shaft
with upper and lower ends. The upper ends of the pins are
attached to plated through holes in the upper circuit board
by a plurality of first solder joints. The pins extend from
the underside of the upper circuit board in a predetermined
pattern. A plurality of discrete insulators each surround and
are permanently attached to the shaft of a corresponding pin.
The lower circuit board opposes and is generally parallel
with the upper circuit board. The lower circuit board has a
plurality of conductive pads arranged in the same
predetermined pattern as the pins extendlng from the upper
‘circuit board. A plurality of second surface-mount solder
joints are formed by re-flowing a pre-formed heat re-flowable
bonding member attached to and surrounding the lower end of
each pin. Each of the second solder joints bonds a lower end
of a corresponding pin and a corresponding conductive pad. A
first portion of the pins have lower ends that directly
contact their corresponding conductive pads and a second
portion of the pins have their lower ends spaced slightly



pattern. A plurality of discrete insulators each surround and are
permanently attached to the shaft of a corresponding pin. The | ower
circuit board opposes and is generally parallel wth the upper circuit
board. The lower circuit board has a plurality of conductive pads arranged
in the sane predeterm ned pattern as thg pins extending fromthe upper
circuit board. A plurality of second surface-nount solder joints are
formed by e er attached
to and sur%%ﬁﬁéﬁgﬁéﬁae $%§%%8é9§9%$ 8%%% CE{9¥3§%§% P§ ?hgggggggd sol der
joints bommiuaﬂxmkrWQ¢mb tﬁeeb@@Id%s@@n@@hgrﬁmalanﬂeafGGKlﬁs@bﬁa|ﬁgd
conduct|v§) Pach 1y éﬁf§%?p95él OLsthgypi ns have lower ends that directly
contact thelr corresponding co uctlve %ads and a second portion of the
pins have their | ower ends spaced slightly 6 above their corresponding

conduct i veypads: dinacd y@ch@@alméﬁ& USE | @unr VWOEF £a td emb@nt d6oHPa 8Ot i herakas

perfectly flat_ and parall el rpocessi ng. An al ternate_enbodi nent
of our SLWQQK§99Hﬁﬁﬁed%%?%i?l?%ii%d% g%ﬁt%Y%h%%?ed%f%E%??c%IF aEbnducti ve
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Figs. A and 1B7are sinpljfied S|de elevatlon and i%g Ian Vi

e
respect i vé13Rdigtg IMRRA T Ghat O AT -t e grinogn V\gndﬂ?-ﬁs are
sinplifiedisl dei e evadd eie @Nsb1@Pr pbaNL for convenience may from time-

to-time be referred to as a pinned solder ball.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are simplified side elevation and top plan
views, respectively, of a conventional ball-only BGA device.

Figs. 2A and 2B are simplified side elevation and top plan
views, respectively of a conventional pin and ball BGA

device.

Fig. 2C is an enlarged side elevation view of one of the ball
equipped pins of the BGA device illustrated in Figs. 2A and
2B.

Fié. 3 is an enlarged side elevation view of a discrete
solder ball contact in accordance with a first embodiment of

the present invention.

Figs. 4A is a fragmentary vertical sectional view
illustrating re-flow soldering of the upper end of the
contact of Fig. 3 into a plated through hole in an upper

circuit board.



vi ews,” respectively of_ a conventional pin and ball BGA device. Fig. 2Cis
an enl arged side elevation view of one of the ball equipped pins of the
BGA device illustrdted in Figs. 2A and 2B. Fig. 3 is an enlarged side

el evation view of a discrete solder ball contact in accordance with a
first enbodi ment of the present inventiogn. Figs. 4Ais a fragnentary
vertical sectional view illustrating re-flow soldering of the upper end of
the contact of Fig. 3 into a plated through hole in an upper <circuit
board. 7 Figs. 4Bis a fragnentary vertical sectional viewsimlar to
Fig. 4A il [Figtsr.aéiBng swav € regmbartiany ofertthealpsectdodadf vdew orifmictamittch a

| onger pinginto I : j p Ci J r ig. 4C
is a fragngr%rg"teir ?gvgr}?ﬁﬁtlrtégelg%é?g]ﬁgﬁy \%_idelvra\}etzjilﬁguglt%r gﬁengb?lﬁ% ae?feaarf‘o%unalt:i ng of
the upper ER@teTtawitdl tderioRnaere adild®t 2BoPlated: Shratgh dalee hddisi de

of an uppeppeh’ edidcl®abardi g 5A is a fragmentary top plan view
illustrating tape and reel packaging of the discrete solder ball contact

of Fig. 3. Fig. 5B is a sectional view of the tape and reel packagi ng
taken al ongiki.naSBs 5B ffadnichtadhr vieirgichli seatienkdr gddwsi de el evation
Vi ewillust.rgtin% 3 circuit board ssenblfy abricatedé};g’t%a&l urality of
t he discrég USSEGE 085 UL CAlPHS &1t y & PPPTEL FACe P Fig. 3. Fig.
7A i s an enlaegedter ayedtiaentyaft icval coatkiconab thewundgfertsheleciafcwnt boar d

assenbly o kg 8 Adiys ing the preferred solder ball joint achieved
by re-romeﬁg thg sc?llLl gr%ro%;rﬁ[ of the contact of Fig. 3 when the | ower end

of the pin
Fig. 5A 1is a fragmentary top plan view illustrating tape and

reel packaging of the discrete solder ball contact of Fig. 3.

Fig. 5B is a sectional view of the tape and reel packaging
taken along line 5B - 5B of Fig. 5A.

Fig. 6 is an enlarged side elevation view illustrating a
circuit board assembly fabricated with a plurality of the
discrete solder ball contacts of the type illustrated in

Fig. 3.

Fig. 7A is an enlarged fragmentary vertical sectional view
of the circuit board assembly of Fig. 6 illustrating the
preferred solder ball joint achieved by re-flowing the solder
ball of the contact of Fig. 3 when the lower end of the pin

and its corresponding conductive pad contact each other.

Fig. 7B is an enlarged fragmentary vertical sectional view

of the circuit board assembly of Fig. 6 illugg}ating a less

desirable but still functional solder fillet joint obtained

by re-flowing the solder ball of the contact of Fig. 3 when
the lower end of the pin is spaced slightly above its

corresponding conductive pad.

Fig. 8A is an enlarged vertical sectional view of an

alternate embodiment of the contact that uses an insulator



and it's corresponding conductive pad contact each other. Fig. 7B is an

enl arged fragnentary vertical sectional view of the circuit board assenbly
of Fig. 6 illustrating a | ess desirable but still functional solder fillet
joint obtained by re-flowing the solder ball of the contact of Fig. 3 when
the lower end of the pin is spaced slightdy above its corresponding
conductive pad. Fig. 8A is an enlarged vertical sectional view of an

al ternate enbodi ment of. the cont.act that uses an ins tor wi th_ a plated
conduct i ve Y dnd Ak es SHGRIGYS AR die T5H shrdigraiate
board. Fi gmoBRtiinhgamrcenrl arigeshiverddapal. sectional view of yet anot her

al ternate enbodi nent of the contact that uses an insulator wth a plated

conductive pad and is adapted for surface nounting to a circuit board.
Fig. 9 is &igeni8&® ded aveenilealgeseotamdnialalyisewtdionalf wieheof aletemmatther
embodi ment 4 fte%%t%o%%%hi‘ﬁ@ln“th df t%ié“éJo@{tat& t1:'?%%: e o 8: 15 Y t hat
the fornmer does not have a plate conduct] ve pad. Eig. f is an enl arged
vertical s#étboRaPl@tes srnskiqtivespschandedfodddPiedoffohevdiscet e sol der

bal | cont agbudk ihbe toPheTaHcuitVYYden that has a channel ed head for
surface nmounting. Figs. 11 and 12 illustrate cylindrical and square

washer-1i ke pre-formed heat re-fl owabl e bondi ng nenbers, respectively,
that may b@iused iis phaedlefrddde vealtdesalbaldctdbnbhe vienedt er fuafcherg. 3.

Figs. 13 A and, C ar nl ar ged rtly-sectijonal. views of ..two circuit
boor s ber BRESERSEE BrPreinal e i oRER dsapt o T Atmidal (8 S of
t he boardspfaftigr BR exceptnddidd theo fidrmeupdee sboatd hbwe lbefodread i s
connect ed Egnhngt&g@ebadboard, and after it has been connected to both

boar ds, ’

Fig. 10 is an enlarged vertical sectional view of still
another embodiment of the discrete solder ball contact of the
present invention that has a channeled head for surface

mounting.

Figs. 11 and 12 illustrate cylindrical and square washer-like
pre-formed heat re-flowable bonding members, respectively,
that may be used in place of the solder ball of the connector

of Fig. 3.

Figs. 13 A, B and C are enlarged partly—sedtional views of
two circuit boards before a pin with an attached solder ball
is connected to either of the boards, after it is connected
to the upper board but before it is connected to the lower
board, and after it has been connected to both boards,

respectively.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig. 3 a first embodiment of our surface mount
contact 10 for attachment to a planar circuit board 12
(Figs. 4A and 4B) includes an elongate electrically
conductive pin 14 defining a cylindrical shaft having a

longitudinal axis and having an upper end l4a and a lower end



respeciively. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring to Fig.-3
a first enbodi nent of our surface nount contact 10 for attachnent to a
planar circuit board 12 (Figs. 4A and 4B) includes an el ongate
electrically conductive pin 14 defining a cylindrical shaft having a

| ongi tudi nal axis and having an upper endo 14a and a |lower end 9 14b. A
sol der ball 16 is soldered, bonded or otherwise attached to the Iomer end

14b of the pin Id. sc?fﬁéf'%ﬁﬁ ofg 48,5 C&ﬁf@@ﬁ%&adé@ Me%&%

ext ended body such_ as ndri cal surrounds the s a?t of the pin

14 i nt er i@t ppe %Qi'delrcﬁ@ BHI<Of fahariin 4k andPRbLRSIL1AERE ol der
bal | 16. Thes funst i Obmbid helﬂnﬂaéaf@fml&lasntékt&ﬁ&é/&rﬁoa es@éﬂldﬁ dall 16

from significan shape. sal der |y wraps
around the qglvﬂeﬂé%]rﬁfhizf%’i% HEOR SRS AT Youdis TR A be T 1ot
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si dewal | er eof 4 i f er.abl V|ded W &l
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underside of the circuit board 12. The, shoulder 20 need not
be integrally formed with or soldered to the pin 14 but could

be a separate part mounted on the shaft of the pin 14.

Fig. 4A is a fragmentary vertical sectional view
illustrating re-flow soldering of the upper end 1l4a of the
pin 14 of the contact 10 into a plated through hole in the
upper circuit board 12. The shoulder 20 abuts a conductive
donut 2la on the underside of the upper circuit board 12 to
control the depth of penetration of the shaft of the pin 14
so that it terminates below the upper side of the circuit
board 12. The resulting solder joint 24 firmly mechanically
attaches the contact 10 to the upper circuit board 12 and
provides an electrical connection through the pin 14 to a
conductive circuit trace (not illustrated) terminating in
another conductive donut 21b on the upper side of the upper
circuit board 12 that contacts the plated through hole.

Fig. 4B illustrates a slightly different version of the
contact 10' that has a longer pin 14' that extends all the
way through the plated through hole in the upper circuit

board 12. Conventional wave soldering techniques are used to



attaches the contact 10 to the upper circuit board 12 and provides an

el ectrical connection through the pin 14 to a conductive circuit trace
(not illustrated) terminating in another conductive donut 21b on the upper
side of the upper circuit board 12 that contacts the plated through hole.
Fig. 4Billustrates a slightly different 1¢ersion of the contact 10' that
has a | onger pin 14" that extends all the way through the plated through

hole in thgf&gp%g LT g 4 dpxg Qr&@nd%é/?pil?]of@l pye f@éﬁ@ééggatsfffwues

are used t orma so j ol nt aroun I nCl udes
fillet 26%k athehppwraherwd ehethoiirint g. 4C is fragmentary vertical
sectional viewillustrating surface nmounting of the upper end of an
alternate contact 30 to a conductive pad 31 conventlonally formed on the
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t he upper ¢Emamuodahﬂpjwmth/thﬂlupgaﬂycxﬁcumﬂ(hﬂard 12. The contacts 10

are attached to the upper circuit board 12 in a predetermined
patterﬁ, which may be rows and columns, or any other pattern.
The upper ends 1l4a of the pins are inserted in plated through
holes in the upper circuit board 12 and soldered thereto. At
this time, the metal shoulders 20 also become bonded by the
same solder to the underside of the plated through holes. The
lower circuit board 22 has a plurality of conductive pads 34
formed on the upper side thereof in the conventional manner
which are arranged in the same predetermined pattern as the
contacts 10 and their pins 14 in order to be complementary
with the upper circuit board 12. A plurality of solder
joints such as 36 and 38 (Figs. 7A and 7B) each formed by re-
heating the solder ball 16 on each contact bridge any small
distance between the lower end 1l4b of each corresponding pin
14 and its corresponding conductive pad 34. The solder joint
36 (Fig. 73) is substantially rounded and results when the
lower end of the pin 14' contacts the conductive pad 34. The
solder joint 38 (Fig. 7B) has the shape of a fillet and
results when the lower end of the pin 14' is spaced slightly
above the conductive pad 34. The fillet shape of the solder
joint 38 can also result from the insulator 18 being spaced
too far above the solder ball 16. The solder ball 16 must
have a sufficient quantity of solder such that when re-



joints such as 36 and 38 (Figs. 7A and 7B) each formed by re- heating the
sol der ball 16 on each contact bridge any small distance between the | ower
end 14b of each corresponding pin 14 and its correspondi ng conductive pad
34. The solder joint 36 (Fig. 7A) is substantially rounded and results
when the |ower end of the pin 14' contagis the conductive pad 34. The

sol der joint 38 (Fig. 7B) has the shape of a fillet and results when the

| ower end pi.n 14' |s S acegia above th onductive pad 34.
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that together accommodate variations in pin.and/or board co-
planarity. The insulative collar 18 surrounding the shaft of
each pin 14 intermediate its ends ensures that the exposed
lower ends 14b of the pins 14 to be soldered completely
around their circumference. The solder joint 38 extends
around the outer cylindrical circumference of the lower end
of the pin 14 and to its circular lower end to provide

increased strength of attachment.

The insulator 18 (Fig. 3) is preferably press fit over the
shaft of the pin 14. The insulator 18 is preferably made of a
suitable plastic resin that can withstand high temperatures
without degradation, such as a liquid crystal polymer or
glass-filled epoxy or other non-wickable material. The
insulator 18 is spaced above the lower end 14b of the pin 14
to permit the idder end 14b to be soldered around its entire
circumference. A primary function of the insulator 18 is to
provide a tight seal that prevents any of the solder from the
re-flowed solder ball 16 from flowing past the insulator 18
along the shaft of the pin 14. The insulator 18 also prevents
the solder ball 16 from dramatically changing its shape
during attachment of the upper end l4a to the upper circuit

board 12 and during subsequent re-heating to form a bond



i 'ncreased strehgth of attachnent. The insulator 18 (Fig. 3) is preferably
press fit over the shaft of the pin 14. The insulator 18 is preferably
made of a suitable plastic resin that can wthstand high tenperatures

wi t hout degradation, such as a liquid crystal polymer or glass-filled
epoxy or other non-w ckable material. The, insulator 18 is spaced above the
| ower end 14b of the pin 14 to permt the lower end 14b to be sol dered
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contacts that are to be sol dered. The contacts such as 10 can be packaged
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after vision equipnment sees the insulator 18 or the shou] der” 20 (depending

upon whi clPlace Jryehing - JPhpeeEent ARJCHESYERSPPRTEReCaPn8Gl ator 18. This
al | ows t hey bRyl €e@i 6KidDdiRGagevacuum pick up nozzle. The pickup

nozzle via suction sucks in the solder ball 16 after vision
equipment sees the insulator 18 or the shoulder 20 (depending
upon which is larger in diameter), and fastens to the
insulator 18. This allows the automatic pick and place
machine to place the pin 14 into a plated through-hole in the
circuit board 12. Where the upper end of a contact such as 30
(Fig. 4B) is surface mounted the pick and place machine would
put the upper end on the corresponding conductive pad.
Conventional pin-in-paste, wave soldering or reflow soldering
techniques can be used. At present the preferred design is
to make the diameter of the insulator 18 larger than that of
the OD of the pickup nozzle and larger than that of the
shoulder 20 but the arrangement could be vice versa. It is
also possible for the diameter of the solder ball 16 to be
the largest diameter on the contact 10 so that it would be
recognized by the vision equipment.

High temperature solder is preferably used for bonding the
upper ends of the contacts 10, 10' or 30 to the upper circuit
board 12 so that when the solder ball 16 is subsequently re-
flowed to attach the contact to the lower circuit board 22,
the attachment of the contact to the upper circuit board 12
would not be adversely affected, such as by re-flowing.



machine to place the pin 14 into a plated through-hole in the circuit
board 12. \Were the upper end of a contact such as 30 (Fig. 4B) is surface
nount ed the pick and place machine would put the upper end on the
correspondi ng conductive pad. Conventional pin-in-paste, wave sol dering or
refl ow sol dering techniques can be usedj3At present the preferred design
Is to make the dianeter of the insulator 18 | arger than that of the OD of
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spacing between the upper and lower circuit boards 12 and 22.
Some of the lower ends 14b will not touch their corresponding
conductive pads 34 as illustrated in Fig. 7B, due to non-co-
planarity of the pins 14 and/or the lower circuit board 22.
However, reliable solder joints 36 or 38 (Figs. 7A and 7B)
will still be formed due to the volume of solder in the balls
16 and the size of the conductive pads 34. These
characteristics, as well as the size of the pins 14 and the
amount of the pins 14 that are within the solder balls 16
should be carefully selected to provide the proper volume and
height of solder for a good connection.

Fig. 8A illustrates an alternate embodiment of the contact 50
that is adapted for through-hole mounting to a circuit board.
It includes a straight pin 52 that has a solder ball 54
attached to its lower end. A cylindrical insulator 56 is
press fit over and surrounds the pin 52 and has a plated on
conductive pad 58 on the upper side thereof. The insulator 56
and conductive pad 58 can be formed as a miniature circuit
board made of Copper clad glass-epoxy PCB material. The
insulator 56 serves to maintain the shape of the solder ball
54, while its conductive pad 58 allows the contact 50 to be
soldered to a conductive pad such as 31 (Fig. 4C) formed on



Some of the lower ends 14b will not touch their corresponding conductive

pads 34 as illustrated in Fig. 7B, due to non-co- planarity of the pins 14
and/or the lower circuit board 22. However, reliable solder joints 36 or
38 (Figs. 7A and 7B) w |l still be fornmed due to the volune of solder in

the balls 16 and the size of the condugtg ve pads 34. These
characteristics, as well as the size of the pins 14 and the anmount of the
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of the 12. It uses a shorter straight pin 62 than the contact 50. A
cylindrical insulator 64 with a relatively thick conductive
pad 66 on an upper side thereof is press fitted over the
straight pin 62. The pin 62 does not extend through the pad
66 so that the conductive pad 66 can be surface mounted and
soldered to the conductive pad 31 on the underside of the
upper circuit board 12. A solder ball 68 is attached to the
lower end of the straight pin 62. The insulator 64 and
conductive pad 66 can also be formed as a miniature circuit

board made of Copper clad glass-epoxy PCB material.

Fig. 9 illustrates yet another embodiment 70 that is similar
to the embodiment 50 of Fig. 8A except that the latter does
not have any conductive pad on the upper side of its
insulator 72. A solder ball 74 is attached to the lower end
of a straight pin 76. The upper end of the straight pin 76 is
soldered in place in the plated through hole in the upper
circuit board 12 but the insulator 72 has no solder
attachment to the upper circuit board 12. It merely functions
as a spacer and prevents solder wicking. The pin 76 also
could be stripped insulated rod or wire. In other words, a
length of insulation coated wire could have its ends stripped
of the insulation leaving the coating in place at an



contact 60 that is adapted for surface nounting to a conductive pad 31 on
t he undersi de of the upper circuit board 12. It uses a shorter straight
pin 62 than the coritact 50. A cylindrical insulator 64 with a relatively
thick conductive pad 66 on an upper side thereof is press fitted over the
straight pin 62. The pin 62 does not extggd through the pad 66 so that the
conductive pad 66 can be surface nounted and soldered to the conductive

pad 31 on t.he under.si.de af the . upper gircuit_board. 12. A solder ball 68 is
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coating, Ichco have an smal'ler than that of the solder ball 74,
woul d function as the insulator 72 of the invention and prevent sol der
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formed with a cylindrical head 84 for surface mounting to
conductive pads such as 31 (Fig. 4C) formed on the underside
of the upper circuit board 12. The head 84 is formed with a
plurality of outwardly opening radially extending channels 86
in its upper surface. The upper surface of the channeled
head 84 provides the principal contact with the conductive
pad 31 on the underside of the circuit board 12. The channels
preferably also open through the peripheral cylindrical outer
wall 88 of the head 84 to permit out-gassing of vaporized
solder flux. This minimizes skating and aids in self-
centering of the pin to the pad during solder re-flow. Solder
joint strength is also improved because the channels 86
increase the area of contact between the re-flowed solder and
the head 84 of the pin 82. The channels 86 could be formed by
a plurality of diametric channels that intersect in the
middle of the head 84 or a cris-cross pattern. The head 84
could have a wide variety of configurations as described and
illustrated in U.S. patent application Serial No. 09/520,427
incorporated by reference above. A cylindrical insulator 90
is press fit over the shaft of the pin 82 until it abuts the
head 84. A solder ball 92 is attached to the lower end of the
pin 82.



can be applied to an intermediate location on a bare wire or rod to serve
as the insulator. Fig. 10 illustrates yet another enbodi nent of our contact
30. It is simlar to the contact 10 except that the shoulder 20 is
elimnated and instead the upper end of the pin 82 is forned with a
cylindrical head 84 for surface nountinglto conductive pads such as 31
(Fig. 4C) forned on the underside of the upper circuit board 12. The head
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circuit board 22. However it will be understood by those skilled in the
art that the solder ball 16 could be replaced with a w de variety of
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washer-like solder elements 90 and 92, respectively, that can
be formed on, or press fitted over, the lower end of the pin
14. They may surround the lower end 14b of the pin so that
they are flush with its perpendicular lower circular surface.
The elements 90 and 92 may also be spaced below the lower end
14b of the pin 14, or extend above the same. The elements 90
and 92 may abut the insulator 18 or be slightly spaced below

the same.

When the customer solders the upper ends of the contact 10 in
the plated through holes of the upper circuit board 12, the
elements 90 and 92 will re-flow and form solder balls
adjacent the insulator 18. These solder balls may cool and
harden as the assembly moves down to the next automatic
fabrication station where the upper circuit board 12 with its
~array of attached pins 14 can be inverted and placed on top
of the second circuit board 22 before re-flowing the solder
balls. The pre-formed heat re-flowable bonding members could
also take the form of a discrete quantity of a suitable
solder paste applied to the lower ends 14b of the pins in a
manner to ensure that the paste will adhere thereto during
the assembly and re-flow operations. Besides Tin/Lead alloys,
the pre-formed heat re-flowable bonding member attached to



bondi ng nenbers that can be heated to cause themto re-flow, and
thereafter when allowed to cool and re-solidify, will provide an

el ectro-nechani cal connection between the lower end of the pin 14 and the
conductive pad 34. Heat for re-flow is preferably supplied via a
conventional convection oven and other ggnventional heating techniques for
solder re-flow may be used. Figs. 11 and 12 illustrate cylindrical and
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conpound, welgnmgon in which parallel boards 12, 22 are interconnected
by a plurality of discrete laterally-spaced pinned solder
balls 10, only one of which is shown. The components mounted
on the boards are not shown, but in a power supply
application, typically, the upper board 12 would be populated
on both sides with electronic components. The free upper
(from the Fig. 3 standpoint) pin end 1l4a is shown in Fig. 13A
seated in the metallized via or plated through-hole 94 before
reflow. In this embodiment, the metal flange 20 is slightly
axially-spaced above (from the Fig. 3 standpoint) the
insulator 18. This spacing can be adjusted for tolerance
reasons and to provide the capability for making different
protrusion lengths 14b beyond (below) the insulator to
optimize ball size and shape. It will also be cbsgerved that
a tapered section 96 joins the free pin end 1l4a to the flange
20. This provides the important advantage of allowing the
hole 94 to be larger to allow for placement tolerances (of
the pin in the hole), but at the same time it ensures that
the pin centers properly when the paste 95 provided in the
via is reflowed. The tapered section thus helps centering
before and after reflow. Fig. 13B shows the assembly after
the first reflow 97 of the free pin ends l4a of the

interconnects 12 into their respective via. Fig. 13C shows



conpound and the like. Thus one skilled in the art will appreciate that
the circuit board assenbly 32 could be fabricated with these various
different types of pre-forned heat re-flowable bondi ng nenbers in which
case the I ower ends 14b of the pins 14 woul d be bonded with conductive
joints fornmed by re-flow, but not necessgrily joints made of sol der.
Simlarly, the upper ends 14a of the pins could be connected to the upper
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the first board is to be attached. This customer will first
paste (apply paste to) the pads on his second board, seat the
first assembly solder ball facing downward on the lower board
22 as shown in Fig. 13B, and then in a second step reflow the
solder (paste and balled pin) to attach the assembly (power
module) to his second board (ball down) as shown in Fig. 13C.
The weight of the power module assembly 91 will cause some of
the pins 14b at the balled ends to seat on the second board
pad 34 when it is reflowed. Typically, at least 3 pins, for
stability, should make contact with the second board pads (or
there should be very little solder between the board and
these pins, depending on the buoyancy of the solder and the
weight of the assembly). The other pins will typically be
further away due to tolerances, coplanarity, or board
warpggé. It is the solder ball thickness below the pin end,
i.e., the amount of solder below the pin end 14b, designated
98, that permits all the balls 16 to touch the paste and/or
pad and reflow properly. Also, to make a good solder joint
and have it survive through mechanical and environmental
conditions (mostly changes in temperature) a significant

amount of solder is required.



18 the assenbly after.the second reflow 99 of the ball ends 16 of the .

I nterconnects 12 to their respective pad 34. A typical application to
denonstrate the advantages of the invention is as follows. The supplier,
for exanple, of a power nodule will place each of the free ends 14a of the
mul tiple discrete pins into their respecipve vias in the first board 12,
oriented ball up as shown in Fig. 13A and then the assenbly undergoes a
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make a googs§8h9§glLOH@tis preferred that the solders used during the
successive steps have decreasing melting temperatures to

minimize the number of reflows that a solder joint undergoes.

As indicated earlier, the pin, being of metal and having a
higher conductivity than solder material, increases the
current-carrying ability of the solder joint at the hole.
Also, the contacts illustrated in Figs. 8B and 10 have the
advantage that they are normal surface mount solder joints
that do not require a hole for a free pin end, while at the
same time they offer the advantage of separation of the
solder materials at opposite pin ends as explained in greater
detail below, and moreover the surface mount solder joint at
top can remain fixed in position while the solder ball joint
at the bottom may be adjusting during reflow to accommodate
board ﬁggition changes.

The discrete metal flange 20, or shoulder as it has sometimes
been called, is of special importance in the assembly process
described above, because it virtually seats against the
bottom surface of the first board and thus provides
additional surface area and fillet area for soldering to

ensure that the pin does not separate from the first board



and have it survive through nechanical and environnental conditions
(nostly changes in tenperature) a significant anmount of solder is
required. 19 At the sane tinme that the first board is soldered to the
second board, or if desired, before that second reflow or even after the
second reflow, either or both sides of e first board can be popul ated
with conponents. Also, at the sane tinme that the first board is sol dered
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The discrete insulator 18, likewise, is highly important to
the success of the procedure. It should be tightly fitted in
a permanent mount to the pin 14, to provide an annular seal
against solder migration from the ball 16 along the pin shaft
during any of the early reflows. It thereby maintains the
amount of solder on the pin end 14b allowing it to remain
generally ball shaped or at least providing solder beyond the
pin end and surrounding the pin end before the soldering to
the second board. It will also be understood that the
insulator 18 can have shapes other than cylindrical, and as
explained in connection with Fig. 9 can also be an insulating
coating of small diameter on the pin to prevent wicking.

It will also be appreciated that a feature of the invention
is that the solder at the pin end--for example, 95, 97 in
Figs. 13A, B--and the solder of the solder ball 16 are not
allowed to commingle by reason of the insulator separator 18.
This has the advantage of allowing more flexibility in the
choice of soldering materials, such as different melting
points or other properties of the separate solder materials,

and also allows additional control of the ball shape.



The discrete netal flange 20, or shoulder as it has sonetinmes been call-ed,
is of special inportance in the assenbly process described above, because
it virtually seats against the bottomsurface of the first board and thus
provi des additional surface area and fillet area for soldering to ensure
that the pin does not separate fromthe First board 20 during the second
reflow or subsequent processing. The flange 20 also acts as a stop to
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ball (for example, 63Sn/37Pb) is reflowed.

In the preferred arrangement, the ball ends are suxface
mounted to planar pads. In principle, it is possible to
solder the ball end to a via, but this has disadvantages and
is not recommended. The reason is that the via would have to
either be pre-filled (with a pin or solder or paste) or a lot
of solder would be required on the ball to allow it to both
fill the via and still maintain a good solder joint between
the pin and board (either with the pin sitting on the via or

in the via itself).

In several views of the drawings, for example, Figs. 4A, 4B,
7A, 7B, the platings 2la and 21b on opposite board sides can
‘represent outer parts of a plated through-hole, the inner
connecting éggt being omitted for clarity, or separate pads
on the top and bottom sides of the board that become
interconnected by the soldered pin. Also, the Fig. 4A
embodiment can represent a single-sided board with the
soldered pin providing a connection to a trace on one board
side. It will also be understood that the vias for the pins

need not be plated.



It will also be appreciated that a feature of the invention is that the
sol der at the pin end--for exanple, 95, 97 in Figs. 13A B--and the sol der
of the solder ball "16 are not allowed to comm ngle by reason of the

i nsul ator separator 18. This has the advantage of allow ng nore
flexibility in the choice of soldering smterials, such as different
nmelting points or other properties of the separate solder materials, and
also allo ifLo c r.ol. I e figur
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surface mnounted to planar pads. Tn principle, 1t 15 possible to solder
the ball end to a via, but this has disadvantages and is not recomrended.
The reason is that the via would have to either be pre-filled (with a pin
or solder or paste) or a lot of solder would be required on the ball to
allowit to both fill the via and still maintain a good sol der joint
between the pin and board (either with the pin sitting on the via or in
the via itself).



In several views of the drawi ngs, for exanple, Figs. 4A, 4B, 7A 7B, the
pl ati ngs 2l1a and 21b on opposite board sides can represent outer parts of
a plated through-hole, the inner connecting part being omtted for

clarity, or separate pads on the top and bottom sides of the board that
beconme interconnected by the soldered pyf. Al so, the Fig. 4A enbodi nent
can represent a single-sided board mﬁth the soldered pin providing a
connection to a trace on one board eg IM% wi Il al so be understood that
the vias for the pins need not be pla 3 2 Wiile we have descri bed
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an insulator surrounding the shaft of the pin
intermediate the upper and lower ends and adjacent the
pre-formed heat re-flowable bonding member.

2. The surface mount contact of claim 1 wherein the pin has

a cylindrical cross-section.

3. The surface mount contact of claim 1 or 2 wherein the
upper end of the pin is formed with a head with an outer
surface that is dimensioned to be positioned on, and
bonded to, a conductive pad on a circuit board, and the
lower end of the pin is dimensioned and configured to be

attached to a lower circuilt board.

4. The surface mount contact of any of the preceding claims
wherein the head is formed with at least one channel
that opens through an outer surface of the head and a
peripheral wall of the head. o

5. The surface mount contact of any of the preceding claims
wherein the pin is provided with a shoulder for
establishing a predetermined vertical position along the

longitudinal axis relative to a reference surface.



2. The surface nount contact of claim 1l wherein the pin has a cylindrical
cross-section. 3. The surface nount contact of claiml1l or 2 wherein the
upper end of the pi'n is forned with a head with an outer surface that is
di rensi oned to be positioned on, and bonded to, a conductive pad on a
circuit board, and the I|ower end of theypin is dinensioned and configured
to be attached to a lower circuit board. 4. The surface nount contact of
any of the preceding clains wherein the head is forped with at | east, one
channel | that onBhe SR e COR BN BEa By Phe HEART SAE NS, LRI o
wal | of the headhereifhehsurif@ndatount scancatliaaf. any of the preceding
clains wherein the pinis provided with a shoulder for establishing a
predeterm ned vertical position along the longitudinal axis relative to a
ref erence Surfafbe 2arfgceTheousyr tavcasbunt eomt aft tbe ampceflinge cirémedi ng
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any of the preceding clalns erein the pre-forne eat re-
bondi ng nenber 1fs2ased0€&r PBALl-. 8. The surface mount contact of claim?7
wherein the insulator has a conductive pad fornmed on an upper surface

t hereof surrounding the shaft of the pi dj acent _th re-fornmed heat
re-fIomablé‘bon%hﬁgsﬁgﬁﬁgF.mQPn hgogﬁgFgcB%n%iﬁﬁmcgnvgegeép ghﬁ of the
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contact of any of clains 7 to 9

9. The surface mount contact of any of the preceding claims
wherein the insulator is made of a high temperature
plastic resin or a printed circuit board material and
the pin is of copper or a copper alloy.

10. The surface mount contact of claim 6 wherein the
insulator collar is press fitted around the pin.

11. The surface mount contact of any of claims 7 to 9
wherein

the upper end of the elongate electrically conductive

pin is a free upper end;

the pre-formed heat re-flowable solder ball is soldered
to and fully surrounds the lower end of the electrically
conductive pin;

the insulator is a discrete insulator and is permanently
attached to the shaft of the pin adjacent the pre-formed
gsolder ball and seals the shaft against solder

migration.

12. The surface mount contact of claim 11 further comprising

a discrete conductive collar mounted on and surrounding



wherei'n the upper end .of the elongate electrically conductive pinis a-
free upper end; the pre-fornmed heat re-flowable solder ball is soldered to
and fully surround$ the |Iower end of the electrically conductive pin; the
insulator is a discrete insulator and is permanently attached to the shaft
of the pin adjacent the pre-forned soldgs ball and seals the shaft agai nst
solder mgration. 12. The surface nmount contact of claim 1l further

comprising 2 disgrehgcEongutive; olhac uunbed o 2ndssygunding 25 the

shaft of the pinin dlat I'nsu or -an apper - en in.

The surface nnummpebneadt06fthapmnll or 12 wherein the dianmeter of the
insulator is different fromthe dianmeter of the solder ball. 14. The
surface nount contact of any of clainms 11 to 13, wherein the insulator is a
coating onldn iReerpedface mpustt reRtartt Aé plaimibl Aok t3uvhepsandthe

assenbly conprigiddet&P YPPEheChhEULbtBRALY B§ff@9eﬁ@n£§6h PRE! Bi ORSted
plurality of surface nmount contacts as clained in any of the pending

clains, the sur®acelfodptdesnPaéts being attached to the upper circuit
board at its contact positions and being arranged in a predeternined

pattern; r circuit board opposin d_gene ar I ith the
upper circﬁﬁ Fdd Yﬁ%c?oﬁanEiEEHF?Cgoggdagﬁaﬂﬁ iX Bfuigl 1%@
conductive padswberamgedhéninhelapoedéSeantnedlpgt@Er@n anueampﬁmaaEity of

conductive j oi f by:.re-flow of the pre-formed heat
re-flowabl e boﬁ%§ng ﬁgﬁbgfngﬂe Biht

15 A circuit board assembly comprising:
an upper circuit board having contact positions;

a plurality of surface mount contacts as claimed in any
of the pending claims, the surface mount contacts being
attached to the upper circuit board at its contact

positions and being arranged in a predetermined pattern;

a lower circuit board opposing and generally parallel
with the upper circuit board, the lower circuit board
having a plurality of conductive pads arranged in the

predetermined pattern; and

a plurality of conductive joints each formed by re-flow
of the pre-formed heat re-flowable bonding member
attached to the lower end of the corresponding pin, each
conductive joint bonding the lower end of the
corresponding pin and one of the correspondiﬂg
conductive pads and forming an electro-mechanical bond

therebetween.

16. The circuit board assembly of claim 15 wherein both the
attachments of the pin upper ends and the conductive
joints are solder joints, and the solder joints are

physically separated from one another by their



attached to the | ower end of the corresponding pin, each conductive joi.nt
bondi ng the I ower end of the corresponding pin and one of the
correspondi ng conductive pads and form ng an el ectro-nechani cal bond

t her ebetween. 16. The circuit board assenbly of claim 15 wherein both the
attachments of the pin upper ends and thgsconductive joints are sol der
joints, and the solder joints are phyS|caIIy separated from one anot her by
their 26 respectiv nsul at or ch tha ders the t

ot commi ngler  I9SBRRELEFr LPRLBbAF dHekeh iRy SPCcPALAFES F e kg0 o

dependent on cI@oﬂnﬁsmﬁerﬁbﬂ tbemtiippee.ends of the pins are inserted into
corresponding vias in the upper <circuit board and each pin has the

shoul der positioned between the insulator and the upper circuit board that
est abl i shed7a pThdectrainbdbbondi aademblyposi cileamol S5t he 16i nagel ative to

the upper circujk Qﬁééﬁt 48 cIQ?mCSrQHéEeQHaEHeaﬁEE€P|¥n8§ BRYRE ghﬁb”ﬁ 15

to 17 wherein each insulator is forned With a second conductive
i s bonded by a éé?rE§§6ﬁH?ﬁgl§éeoﬁ9rr§§P8§ﬁ1Pﬁl Miagoin EBEr BBBBHdI ng second

conductive pad @frchhe yeaea ﬁhacéh&hbﬁihdhaé9thEthéhlﬁéktpBQ@Eﬂoﬁéée”b|y
of any of clains 15 t Irst meltin er, at

f
solder in the E%Fﬂﬁ?njBpﬁténﬁ?f?ﬁﬁrpﬁﬁg FBetHBPE nFéE ust PPBa Fgatabove
a second nel ti ngstabpeshésre pfeﬁbEesmhded Longheudsnkllepopdthba bhathbond

the | ower ends of the conducti.ve d on the lower circuit
board. 20. The %erU|%BE%§? 935% %b?épgf 8ﬁ§cgggc$ ﬁg 15 to 19, as

dependent on claim3 wherein the head is forned mﬁth at | east one channel
that opens;ghropgh &bfc9§£e50§yﬁf§§§embly of any of claims 15 to 17
wherein each insulator is formed with a second
conductive pad that is bonded by a corresponding second
solder joint to a corresponding second conductive pad on

the upper circuit board.

19. The circuit board assembly of any of claims 15 to 18
wherein a first melting temperature of the solder in the
solder joints of the pins to the contact position is
above a second melting temperature of the solder in the
solder joints that bond the lower ends of the pins to

the conductive pads on the lower circuit boaxrd.

20. The circuit board assembly of any of claims 15 to 19, as
dependent on claim 3 wherein the head is formed with at
least one channel that opens through the outer surface
of the head and a peripheral wall of the head.

21. The circuit board assembly of any of claims 15 to 20
wherein the pre-formed heat re-flowable bonding member
is made of a material selected from the group consisting
of Tin/Lead solder, Tin/Bismuth solder, conductive
epoxy, brazing compound, welding compound and solder

paste.

22. The circuit board assembly of claim 15 wherein



of the head and a peripheral wall of the head. 21. The circuit board
assenbly of any of clains 15 to 20 wherein the pre-forned heat re-flowabl e
bondi ng nmenber is ‘'made of a material selected fromthe group consisting

of Tin/Lead solder, Tin/Bisnuth solder, conductive epoxy, brazing
compound, wel di ng conpound and sol der paste. 22. The circuit board
assenbly of claim15 wherein 27 the upper circuit board is generally

pl anar and the contact positions are spaced plated through vias; the

el ectrically conductive pins are inserted in and attached to the plated

t hrough hol es i nhehap@ﬁgercir@xid:uibtoalm?ari@ lgﬁn@rplltlryapiltaylacrf afnidr sthesol der

joints the | ovepgLEplidodieatdd 5, aeusaldy AR ciahihospidiral ity of

conductive jointsis a plurality ol nt or med
re-flowing a pre-formed heat re-flowabl e bondi ng nenber | ocated on the

side of the 'n%HEaEQ@%ﬂf%Eaﬂgyi@%ddﬁ@%&d@ b%%%tag%a&@se%%%@.QE ddde second
sol der joints bon&én? tower a correéspondi ng ,pi n_and

correspondi ng c8k ﬁa&heaphﬁﬁ%ﬁ thgouasn het eghd npithe HQﬂeﬁg | ower
ends that direetikyrud@nbaerd Be & eareIAendiory faeRausblderpgdsmyad a
second portion of the pins having their |ower ends spaced slightly above
their correspondi ng conductive pads. 23. The circuit board assenbly of

cl ai m 22 wher ei hheadbwefr ctireulicwboagdds sobenleeapilys pAreaspaead from t he
bottom surface of their corresponding re-fl owabl e bondi ng nenber by a

thi ckness equal to about 0,254 mm- 0.508 mm (0.010-0.020 inches). 24. The
circuit board a§§én§ﬂyr@ﬂl@VaPﬁlEQH@NCZ3VWhéPémﬁStH§ aupééﬁaéaﬁwa@é of the

insulator has aseeRAUCLLYBRAY3REs formed by re-flowing a pre-formed
heat re-flowable bonding member located on the side of
the insulators facing the lower circuit board, each of
the second solder joints bonding a lower end of a
corresponding pin and a corresponding conductive pad, a
first portion of the pins having lower ends that
directly contact their corresponding conductive pads and
a second portion of the pins having their lower ends
spaced slightly above their corresponding conductive

pads.

23. The circuit board assembly of claim 22 wherein each of
the lower ends of the pins are spaced from the bottom
surface of their corresponding re-flowable bonding
member by a thickness equal to about 0,254 mm - 0.508 mm
(0.010-0.020 inches).

24. The circuit board assembly of claim 22 or 23 wherein the
upper surface of the insulator has a conductive pad and
the upper end of the pin extends above the conductive

pad formed on the upper surface of the insulator.

25. The circuit board assembly of any of claims 22 to 24
wherein each of the insulators separates the first and
second solder joints such that their solders do not

commingle.



t he upper end of the pin extends above the conductive pad forned on the
upper surface of the insulator. 25. The circuit board assenbly of any of
claims 22 to 24 wHerein each of the insulators separates the first and
second sol der joints such that their solders do not conmingle. f ' 28
26. The circuit board assenbly of any ofaglains 22 to 25 wherein each of
the insulators conprises an insulating coating. 27. The circuit board
assenbly of any of clains 22 to 26 wherein the generally planar circuit
board is single-sided and the vias are surrounded by an

el ectri cal 12p--coffthgc divasuitty doaroh agsendil vt I lboar ¢'fs cdiades; 22hé o i25st

sol der joints akﬂ%‘%I@l@Pté'zajc@ﬂény t@l%na%%hltafa%rsp'c% QRS tarnaq%sutﬁaecl@'fgscrete

i nsul ator seals the shaft and prevents sol der ration between the first
sol der joint an@°@%dN-e-f| owabl e sol dering nenber

27. The circuit board assembly of any of claims 22 to 26
wherein

the generally planar circuit board is single-sided and
the vias are surrounded by an electrically-conductive
trace on one of the board's sides;

the first solder joints also electrically connect the
pin to the trace;

the discrete insulator seals the shaft and prevents
solder migration between the first solder joint and the
re~-flowable soldering member.



